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BEAM SPLITTER AND LASER MARKING APPARATUS 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention relates to a beam splitter for 
5 dividing a single laser beam into a plurality of laser beams, 
and a multibeam generator and a line-beam-generating optical 
system using the beam splitter. The present invention also 
relates to a laser marking apparatus used for indoor and 
outdoor marking operations in house construction work. 
10 2 . Description of Related Art 

In house building and particularly in the beginning 
phase of construction, marking operations are essential for 
producing level lines needed to set reliable baselines for 
positioning various building members when machining the 
15 members and for installing the building members. Level 
instruments and other tools are used at the building site to 
achieve level measurements. A plurality of marks is made on 
the walls of target structure, and marking lines are formed 
by connecting these marks to produce the baselines for 
20 construction. 

These marking lines include various line beams, such 
as vertical lines drawn from the floor over the wall and to 
the ceiling, perpendicular (right angle) lines drawn on the - 
ceiling and made from two vertical lines, and horizontal 
25 lines drawn on the walls; ground mark dots formed on the 
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floor; and the like. 

Marking operations performed manually require at least 
two workers. Conventionally, marking operations have 
required much time and effort and have been inefficient. 
5 However, in order to overcome this problem, recently more 
efficient marking operations have been performed using a 
laser marking apparatus having a line beam irradiation 
function. Since one worker can easily perform marking 
operations using a laser marking apparatus, this apparatus 
10 is becoming -an essential tool in construction work. 

In order to improve the efficiency of marking 
operations using a laser marking apparatus, it is desirable 
to be able to irradiate a plurality of marking lines with a 
single laser marking apparatus. Hence, devices capable of 
15 irradiating two or more lines with a single apparatus are 
now being proposed. 

Systems known in the art for irradiating a plurality 
of lines from a single laser marking apparatus include a 
system using a plurality of laser light sources and a system 
20 that obtains a plurality of lines by dividing a laser beam 
emitted from a single laser light source. 

The former system is problematic in that the cost of 
the apparatus increases as more laser light sources are 
added - 

25 On the other hand, the latter system uses a light- 
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emitting optical system constructed of a plurality of half 
mirrors arranged serially in the laser emitting direction. 
An example of such a system is disclosed in Japanese patent 
application publication No, HEI-9-159451 . In this system, 

5 however, the intensity of the light is cut in half after 
passing through the first half mirror and is reduced by half 
again when passing through the second half mirror. Since 
the intensity of the light is gradually reduced when passing 
through each of the half mirrors in this way, the light 

o intensity of the resulting divided beams is different from 
each other. Hence, a different brightness is obtained for 
each of the plurality of line beams. Further, a plurality 
of half mirrors must be arranged to divide the beam, thereby 
increasing the complexity of the optical system and, 

5 moreover, increasing the number of optical elements. 

Accordingly, most conventional laser marking 
apparatuses capable of irradiating a plurality of line beams 
are equipped with a laser light source for each line beam 
generated. However, as described above, the cost of the 

) apparatus rises as the number of light sources increases. 
As a result, an expensive apparatus is required to perform 
efficient marking operations . 

SUMMARY OF THE INVENTION 
In view of the foregoing, it is an object of the 

> present invention to provide a beam splitter having a simple 
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construction that is capable of forming a plurality of beams 
from a single laser beam, and a multibeam generator and a 
line-beam-generating optical system using the beam splitter. 
It is another object of the present invention to provide a 
5 low cost laser marking apparatus equipped with the above- 
described multibeam generator and capable of emitting a 
plurality of line beams. 

In order to attain the above and other objects, the 
present invention provides a beam splitter for producing a 

10 plurality of separated beams from a single incident beam. 
The beam splitter includes a light transmissive member 
having a first surface and a second surface, a first light- 
separating portion formed on the first surface, and a second 
light-separating portion formed on the second surface. 

15 The present invention also provides a multibeam 

generator. The multibeam generator includes a light source 
generating a light beam, and a beam splitter receiving the 
light beam generated by the light source, including a light 
transmissive member having a first surface and a second 

20 surface, a first light-separating portion formed on the 
first surface, and a second light-separating portion formed 
on the second surface. 

The present invention also provides a line-beam- 
generating optical system. The line-beam-generating optical 

is system includes a light source generating a laser beam, a 
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collimat ing lens converting light emitted from the light 
source into collimated light, a triangular prism having 
three side surfaces,, a first side surface and a second side 
surface of the three side surfaces forming an apex angle, a 
5 first light-separating portion being formed on the first 
surface and a second light-separating portion being formed 
on the second surface, the triangular prism receiving the 
collimated light at the apex angle and separating the 
collimated light into four light beams, and a line-beam- 

10 generating optical element disposed on at least one optical 
path of the four light beams emitted from the triangular 
prism for converting at least one light beam into at least 
one line beam. 

The present invention also provides a laser marking 

15 apparatus. The laser marking apparatus includes a laser 
generating a light beam, a beam splitter receiving the light 
beam generated by the laser, including a light transmissive 
member having a first surface and a second surface, a first 
light-separating portion formed on the first surface, and a 

20 second light-separating portion formed on the second surface, 
a line-beam-generating optical element generating a line 
beam from a light beam separated by at least one of the 
first and second light-separating portions, and a support 
unit supporting the laser, the beam splitter, and the line- 

25 beam-generating optical element. 
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BRIEF DESCRIPTION QF THE DRAWINGS 
The above and other objects, features and advantages of 
the invention will become more apparent from reading the 
following description of the embodiments taken in connection 
5 with the accompanying drawings in which: 

Fig- 1 is a perspective view showing a beam splitter 
according to a first embodiment of the present invention; 

Fig. 2 is a plan view showing the beam splitter in Fig. 

1; 

10 Fig. 3 is an explanatory diagram showing the 

principles of the beam splitter in Fig. 1 for dividing a 
laser beam; 

Fig. 4 is an explanatory diagram showing a step for 
forming a light-separating film in a method for 
15 manufacturing the beam splitter in Fig. 1; 

Fig. 5 is an explanatory diagram showing a step for 
joining three triangular prisms in the method for 
manufacturing the beam splitter in Fig. 1; 

Fig. 6 is an explanatory diagram showing the direction 
20 in which light incident on the triangular prism is emitted; 

Fig. 7 is an explanatory diagram showing in more 
detail the directions in which light incident on the 
triangular prism is emitted; 

Fig. 8 is an explanatory diagram showing the direction 
25 in which light partially incident on the triangular prism is 
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emitted; 

Fig. 9 is a side view showing a multibeam generator 
according to the first embodiment of the present invention; 

Fig. 10 is a plan view showing the multibeam generator 
5 in Fig, 9; 

Fig. 11 is a side view showing a laser marking 
apparatus according to the first embodiment of the present 
invention ; 

Fig. 12 is a side view showing a line-beam-generating 
10 optical system provided in the laser marking apparatus in 
Fig. 11; 

Fig. 13 is a plan view showing the line-beam- 
generating optical system in Fig. 12; 

Fig. 14 is an explanatory diagram showing the line- 
15 beam-generating optical system according to a second 
embodiment of the present invention; 

Fig. 15 is an explanatory diagram showing the 
direction in which light incident on the triangular prism in 
Fig. 14 is emitted; 
20 Fig. 16 is an explanatory diagram showing a 

modification of the line-beam-generating optical system in 
Fig. 14; 

Fig. 17(a) is an explanatory diagram showing a 
relationship between a rod lens and the cross-sectional 
25 orientation of an incident beam; 
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Fig. 17(b) is an explanatory diagram .showing another 
relationship between a rod lens and the cross^sectional 
orientation of an incident beam; 

Fig. 17 (c) is an explanatory diagram showing the 
5 orientation of a dove prism; 

Fig. 18 is an explanatory diagram showing a 
modification of the line-beam-generating optical system in 
Fig. 16; 

Fig, 19 is a side view showing a laser marking 
10 apparatus according to the second embodiment of the present 
invention; 

Fig. 20 is an explanatory diagram showing an optical 
unit provided in the laser marking apparatus in Fig. 19; 

Fig. 21 is a perspective view showing a beam splitter 
15 according to a third embodiment of the present invention; 

Fig. 22 is an explanatory diagram showing the 
principles of the beam splitter in Fig. 21 for dividing a 
laser beam; 

Fig. 23 is an explanatory diagram showing in more 
20 detail the principles of the beam splitter in Fig. 21 for 
dividing a laser beam; 

Fig. 24 is a perspective view showing a beam splitter 
according to a first modification of the third embodiment; 

Fig. 25 is an explanatory diagram showing the 
25 principles of the beam splitter in Fig. 24 for dividing a 
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laser beam; 

Pig. 2 6 is an explanatory diagram showing in more 
detail the principles of the beam splitter in Fig. 24 for 
dividing a laser beam; 
5 Fig. 27 is a perspective view showing a beam splitter 

according to a second modification of the third embodiment; 

Fig- 28 is an explanatory diagram showing the 
principles of the beam splitter in Fig, 27 for dividing a 
laser beam; 

10 Fig- 29 is a perspective view showing a beam splitter 

according to a third modification of the third embodiment; 

Fig. 30 is an explanatory diagram showing the 
principles of the beam splitter in Fig, 29 for dividing a 
laser beam; 

15 Fig. 31 is a side view showing a laser marking 

apparatus equipped with the beam splitter according to the 
third embodiment of the present invention; 

Fig, 32 is a side view showing a line-beam-generating 
optical system employing the beam splitter in Fig. 21; and 
20 Fig. 33 is a side view showing a line-beam-generating 

optical system employing the beam splitter in Fig. 28. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
& beam splitter r a multibeam generator, a line-beam- 
generating optical system, and a laser marking apparatus as 
25 claimed in embodiments of the present invention will be 
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described while referring to the accompanying drawings 
wherein like parts and components are designated by the same 
reference numerals to avoid duplicating description. 
<First embodiment 
5 A beam splitter, a multibeam generator employing the 

beam splitter, and a laser marking apparatus equipped with 
the multibeam generator according to a first embodiment of 
the present invention will be described with reference to 
Figs. 1 through 13. 

10 Fig. 1 is a perspective view showing the general 

structure of a beam splitter 1. Fig. 2 is a plan view of 
the beam splitter 1. The beam splitter 1 is configured by 
assembling three triangular prisms la, lb, lc the bottom 
surfaces of which form right isosceles triangles 

15 (triangular-prism-shaped optical elements (prisms) la, lb, 
lc) . When assembled the triangular prisms la, lb, and lc 
form substantially a rectangular parallelepiped. More 
specifically, the triangular prism la has two side surfaces 
20a having two equivalent sides that form an apex angle 22 

20 (right angle) in the bottom surface of the right isosceles 
triangle. The triangular prism lb has a side surface 20b 
that includes a bottom side that opposes an apex angle 23 in 
the bottom surface of the right isosceles triangle. 
Similarly, the triangular prism lc has a side surface 20c 

25 that includes a bottom side that opposes an apex angle 24 in 
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the bottom surface of the right isosceles triangle. The two 
side surfaces 20a of the triangular prism la are bonded to 
the side surface 20b of the triangular prism lb and the side 
surface 20c of the triangular prism lc, respectively. The 
5 triangular prisms la, lb, and lc are formed of a glass or 
plastic that is transparent to light. In the present 
embodiment BK7 is used as the prism material. The BK7 is a 
glass material having an index of refraction of 1.5. The 
size of the single triangular prism la, triangular prism lb, 

10 or triangular prism lc can be set to the following example. 
The height of the triangular prisms la, lb, lc is 5 mm and 
the length of the side perpendicular to the height direction 
on the side surfaces 20a is 5 mm. Accordingly, the beam 
splitter 1 has an overall width of 7 mm, a depth of 3.5 mm, 

15 and a height of 5 mm. 

Light-separating films 2 are formed over the two side 
surfaces 2 0a for separating incident light into transmitted 
light and reflected light. The light-separating films 2 are 
positioned both between the side surfaces 20a and side 

20 surfaces 20b and the side surfaces 20a and side surfaces 20c. 
The two side surfaces 2 0a on which the light-separating 
films 2 are formed function as light-separating surfaces for 
separating incident light into transmitted light and 
reflected light. 

25 The light-separating film 2 has a predetermined 
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reflectance (approximately 67% in this example) and a 
predetermined transmittance (approximately 33% in this 
example) . The light- separating film 2 can be formed of any 
material, provided the material can separate incident light 
5 into transmitted light and reflected light. However, it is 
desirable that the light-separating film 2 be formed of a 
metal, such as Cr or Al , or a dielectric material, such as 
Ti0 2 , Si0 2 , or MgF 2 . The light-separating film 2 is formed 
as a single layer or multiple layer film from these 

10 materials. Multiple layer constructions may include a 
multiple metal layer formed by laminating metal film with 
metal film, a multiple dielectric layer formed by laminating 
films composed of dielectric material, or a hybrid layer 
formed by laminating metal film with dielectric film. In 

15 the present embodiment, the light-separating film 2 is a 
single layer dielectric film. 

As shown in Fig. 3, when the beam splitter 1 is used, 
a laser beam Bl emitted from a light source (not shown) is 
injected toward the apex angle 22 of the triangular prism la. 

20 When the laser beam Bl is incident on the beam splitter 1, 
the light-separating film 2 separates the laser beam Bl into 
reflected beams B2 and a transmitted beam B3 . For the sake 
of description, let us say that the laser beam Bl has a 
laser power of 100. Of this incident light, a power of 50 

25 is expended in being reflected or transmitted on the left 
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side of the drawing while the remaining power of 50 is 
similarly reflected or transmitted on the right side of the 
drawing. 

In this example, the light-separating film 2 has a 
5 reflectance of approximately 67% and a transmittance of 
approximately 33%. Accordingly, the intensity of light 
reflected off the light-separating film 2 is 50x0.67=33.5. 
The intensity of the transmitted light is 50x (1-0 . 67) -16 . 5 . 
These calculations are identical for the left and right 

10 sides. In other words , the intensity of light reflected to 
the left and right is 33.5 each, while the intensity of 
transmitted light is 16.5x2=33. Hence, the three separated 
light beams are approximately equivalent in intensity. Of 
the light beams separated by the beam splitter 1, the two 

15 reflected beams B2 are positioned along the same line, and 
the single transmitted beam B3 can be positioned along a 
line orthogonal to the two reflected beams B2 . 

The reflectance and transmittance values of the light- 
separating film 2 are not limited to the above example. The 

20 intensity of the two reflected beams B2 and the transmitted 
beam B3 are determined by these reflectance and 
transmittance values. The two light-separating films 2 may 
also have differing reflectance and transmittance values. 

The beam splitter 1 has a simple construction, and 

25 three beams can be formed simply by assembling the three 
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triangular prisms la, lb, and lc. Since the beam splitter 1 
is configured of the transparent triangular prism la having 
a bottom surface in the shape of a right isosceles triangle, 
the two reflected beams B2 and the single transmitted beam 
5 B3 can be generated at right angles to each other. This is 
very convenient when mounting the beam splitter 1 in a laser 
marking apparatus 12 described later to draw vertical and 
horizontal lines and the like. 

Next, a method for manufacturing the beam splitter 1 

10 will be described. As shown in Fig. 4, the light-separating 
film 2, which is a single dielectric layer in this example, 
is formed through deposition or the like on both side 
surfaces 20a of the triangular prism la in order to transmit 
and reflect light at a predetermined ratio. The desirable 

15 ratio of light transmission and reflection is achieved by 
selecting an appropriate thickness for the light-separating 
film 2, In this example, the thickness of the light- 
separating film 2 is set to achieve a reflectance of 
approximately 67% and a transmittance of approximately 33%. 

20 As shown in Fig. 5, the triangular prism la is bonded 

to the triangular prism lb and the triangular prism lc by 
fixing the light-separating film 2 formed on the two side 
surfaces 20a to the side surfaces 20b and the side surfaces 
20c of the triangular prism lb and triangular prism lc, 

25 respectively. While these surfaces can be fixed with an 



14 



2003$ 19$t2# Kitazawa & Koizumi 

> i 



NO. 4814 P. 2 



ordinary adhesive, it is also possible to use the 
intermolecular force produced by the bonding surfaces when 
assembling the smooth surfaces of the light-separating film 

2 to the side surface 20b and side surface 20c. 

5 Next, the principles for increasing the number of 

laser beams generated by combining another triangular prism 

3 with the beam splitter 1 will be described with reference 
to Figs, 6, 7, and 8. The triangular prism 3 is a 
transparent triangular prism having a bottom surface in the 

10 shape of a substantially right isosceles triangle. 

As shown in Fig. 6, the triangular prism 3 has an apex 
angle 30 formed by side surfaces 31 and 32 and a side 
surface 33 opposite the apex angle 30. When a laser beam B5 
strikes the side surface 31 and side surface 32 at the apex 

15 angle 30, laser beams B6 and B7 are emitted from the side 
surface 33 at specific angles. 

Next, the relationship between the incident angle and 
the outgoing angles will be described in more detail with 
reference to Fig. 7. 

20 The angle of incidence for light incident on the side 

surface 31 of the triangular prism 3 is 45 This light 
travels through the triangular prism 3 at an angle 9 L If 
the refractive index of the prism material is nP=l , 5 (when 
using BK7) and that of air is 1, then the following equation 

25 (1) can be derived from Snell's law. 
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lXs in45 # =1.5X8 infll (l) 
From equation (1) , we can find that 0 1=28°. Consequently, 
9 2=17°. From this, we can calculate equation (2). 
1.5X s i nl7" =IX s i n 63 (2) 
5 From equation (2), we can find that 0-3=26°. Thus, light 
entering the apex angle 30 of the triangular prism 3 at an 
incidence angle of 45' is emitted from the side surface 33 
at an outgoing angle of 26* in a slant upward direction. 

As shown in Fig. 7, since the incident laser beam B5 

10 has a degree of thickness, one-half of the laser beam B5 
enters the side surface 31 of the triangular prism 3 and 
leaves at an outgoing angle of 26' in a slant upward 
direction as the laser beam B6 shown in Fig. 6. The 
remaining one-half enters the triangular prism 3 through the 

15 side surface 32 and leaves at an outgoing angle of 26 6 in a 
slant downward direction as the laser beam B7 shown in Fig. 
6. Hence, the laser beam B5 incident on the apex angle 30 
of the right isosceles triangle is split into two laser 
beams B6 and B7 that are emitted at an angle of 26° in a 

20 slant upward direction and in a slant downward direction, 
respectively. 

In the example of Fig. 8, the triangular prism 3 is 
arranged such that only half of a laser beam B8 is incident 
on the side surface 33. According to the principles 
25 described above, one-half of the laser beam B8 is emitted at 
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an angle of 26° as a laser beam B9, while the other one-half 
does not pass through the prism and proceeds through the air 
on a straight course as a laser beam BIO. 

In this way we can see that the outgoing angle can be 
S modified by controlling the shape, refractive index, angle 
of incidence, and the like of the triangular prism 3. 

Fig. 9 is a side view and Fig. 10 is a plan view 
showing a multibeam generator 40 using the beam splitter 1 
and the triangular prism 3. 

10 The multibeam generator 40 includes a collimator light 

source 42, the beam splitter 1, and the triangular prism 3. 
By positioning the triangular prism 3 downstream from the 
beam splitter 1, the multibeam generator 40 generates a 
total of four beams. 

15 The collimator light source 42 includes a 

semiconductor laser and a coilimating lens, for example , not 
shown in the drawings. As shown in Fig. 10, when a laser 
beam Bll emitted from the collimator light source 42 enters 
the beam splitter 1, the beam splitter 1 produces two 

20 reflected beams B12 traveling in directions along the same 
line but rotated 180° from each other (corresponding to the 
reflected beams B2 in Fig. 3) and one transmitted beam B13 
(corresponding to the transmitted beam B3 in Fig. 3) . As 
shown in Fig. 9, a portion of the transmitted beam B13 

25 emitted from the beam splitter 1 passes through the 



17 



2003$ 8JI22B Ki tazawa 4 Koizumi 



NO. 4814 P. 24/99 



triangular prism 3. The path of the light changes within 
the prism and the light is emitted at an angle of 26* as a 
laser beam B14 (corresponding to the laser beam B9 in Fig. 
8) . At the same time, the remainder of the transmitted beam 
5 B13 does not pass through the triangular prism 3 but 
continues traveling through the air in the same direction as 
a laser beam B15 (corresponding to the laser beam BIO in Fig, 
8). Accordingly, a total of four laser beams B12, B12, B14 r 
and B15 are produced from a single collimator light source 

10 42 . In this example only one of the laser beams outputted 
from the beam splitter 1, the transmitted beam B13, is split 
in two, but the other reflected beams B12 can also be split 
according to need. 

Next, an example of the laser marking apparatus 12 

15 provided with the beam splitter 1 and the triangular prism 3 
will be described with reference to Figs. 11 through 13, 

As shown in Fig. 11, the laser marking apparatus 12 
basically includes a line-beam-generating optical system 4 
for generating line beams, a support mechanism 5 for keeping 

20 the line-beam-generating optical system 4 level, and a case 
54 covering the line-beam-generating optical system 4 and 
support mechanism 5. The line-beam-generating optical 
system 4 includes the beam splitter 1 and the triangular 
prism 3. 

25 The support mechanism 5 employs a gimbal mechanism 
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well known in the art- The gimbal mechanism includes a 
support frame 50, a large ring 51/ a small ring 52, and a 
mounting platform 53. The large ring 51 is capable of 
pivoting around an x-axis in relation to the support frame 

5 50 by means of bearings (not shown) . The small ring 52 is 
capable of pivoting around a y-axis (perpendicular to the 
surface of the drawing) in relation to the large ring 51 by 
means of bearings (not shown) . The mounting platform 53 is 
fixed to the small ring 52 and supports the line-beam- 

10 generating optical system 4. With this construction, the 
mounting platform 53 on which the line-beam-generating 
optical system 4 is mounted can be maintained level. 

Fig. 12 is a side view and Fig, 13 is a plan view, 
both showing the general structure of the line-beam- 

15 generating optical system 4. The line-beam-generating 
optical system 4 includes a semiconductor laser 6, a 
collimating lens 7, the beam splitter 1, the triangular 
prism 3, and four glass rod lenses 8, 9, 10, and 11. 

The collimating lens 7 converts a laser beam emitted 

20 from the semiconductor laser 6 into collimated light 
(parallel rays) traveling horizontally. Next, the 

collimated light passes through the beam splitter 1 of the 
present embodiment and is separated into three beams. Of 
these beams, the transmitted light enters the triangular 

25 prism 3 disposed downstream from the beam splitter 1 and is 
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separated into two beams. Hence, four beams of collimated 
light are obtained from a single laser beam emitted from the 
semiconductor laser 6. Next, the four beams of collimated 
light are converted into line beams when passing through the 
5 glass rod lenses 8, 9, 10, and 11, which are one type of 
line-beam-generating optical elements. 

The direction of the line beams generated by the glass 
rod lenses 8, 9, 10, and 11 are determined by the 
orientation in which the glass rod lenses 8, 9, 10, and 11 

10 are installed. Hence, if horizontal line beams are desired, 
the rod lens is oriented with its axis on the vertical. If 
vertical line beams are desired, the rod lens is oriented 
with its axis on the horizontal. In the present embodiment, 
the glass rod lenses 8, 9, and 10 are arranged with their 

15 axes horizontal, while the glass rod lens 11 is oriented 
with its axis orthogonal to the horizontal, thereby 
obtaining three vertical line beams LI, L2 , and L3 and one 
horizontal line beam L4 . 

The beam splitter 1 according to the embodiment 

20 described above can divide a single laser beam into a 
plurality of laser beams by a simple method. That is, the 
beam splitter 1 can generate three output beams from one 
incident beam very easily and at a low cost. Further, a 
plurality of laser beams can be easily obtained from a 

25 single light source by mounting the beam splitter 1 in the 
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iine-beam-generating optical system 4 of the laser marking 
apparatus 12. In other words, it is easy to farm, for 
example, three vertical lines and a horizontal line by 
applying the beam splitter 1 to the laser marking apparatus 
5 12. As a result, a laser marking apparatus for irradiating 
a plurality of line beams can be obtained at a low cost. 
<Second embodiment> 

A line-beam-generating optical system and a laser 
marking apparatus equipped with the optical system according 
10 to a second embodiment of the present invention will be 
described with reference to Figs. 14 through 20, Fig. 14 is 
an explanatory diagram (side view) showing a line-beam- 
generating optical system 100 according to the present 
embodiment . 

15 The line-beam-generating optical system 100 includes a 

laser light source 101, a collimating lens 102, a triangular 
prism 103, a mirror 104, and rod lenses 105 and 106. The 
laser light source 101 is provided with a laser emitting 
surface 101a and is disposed such that the laser emitting 

20 surface 101a is facing in a horizontal direction. The 
triangular prism 103 is formed of a glass or plastic that is 
transparent to light and has a bottom surface in the shape 
of a right isosceles triangle. The triangular prism 103 
includes two side surfaces 103a and 103b that have two 

25 equivalent sides that form an apex angle 103d in the bottom 
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surface of a right isosceles triangle, and a side surface 
103c having a bottom side opposite the apex angle 103d. The 
apex angle 103d of the triangular prism 103 faces the laser 
emitting surface 101a through the collimating lens 102. 

Unlike the triangular prism la in the first embodiment, 
a light separating film is not formed on any of the three 
side surfaces 103a, 103b, or 103c in the present embodiment. 
However, the side surfaces 103a and 103b function as light 
separating surfaces having a reflectance (several percent, 
for example) and a transmittance ((100 - several) percent, 
for example) for reflecting a portion of the incident light 
and transmitting the remainder. 

When light emitted from the laser emitting surface 
101a passes through the collimating lens 102, the 
collimating lens 102 converts the light to parallel rays 
(collimator light) having a predetermined thickness and 
traveling horizontally. When the collimator light 

subsequently strikes the apex angle 103d side of the 
triangular prism 103, the triangular prism 103 separates the 
light into two beams of reflected light Rl and R2 and two 
beams of transmitted light Tl and T2 . Hence, a portion of 
the incident light is reflected off the side surface 103a 
and travels vertically upward in the drawing as the 
reflected light Rl . Another portion of the incident light 
is reflected off the side surface 103b and travels downward 



22 



2 0 0 3$ 8A22B 19* M0 Kitazawa 4 Koizumi 



NO. 4814 "P. 29/99 



in the drawing as the reflected light R2. Another portion 
of the incident light passes through the side surface 103b, 
through the inside of the triangular prism 103, and is bent 
a predetermined angle by refraction before being emitted 
5 from the side surface 103c as the transmitted light Tl. The 
remaining portion of incident light passes through the side 
surface 103a and through the inside of the triangular prism 
103 and is bent a predetermined angle by refraction before 
being emitted from the side surface 103c as the transmitted 
10 light T2 . in the present embodiment, the transmitted light 
Tl is used for irradiating a vertical line, while the 
transmitted light T2 is used for irradiating a horizontal 
line . 

The mirror 104 reflects the transmitted light T2 in 
15 order to change the direction of the light to a horizontal 
direction. The rod lens 105 is disposed with its axis 
running horizontally, while the rod lens 106 is disposed 
with its axis oriented vertically- As a result, the 
transmitted light Tl is converted to a vertical line beam by 
20 the rod lens 105, while the T2 is converted to a horizontal 
line beam by the rod lens 106. 

Next, the course of light incident on the triangular 
prism 103 and emitted therefrom will be described in detail 
with reference to Fig. 15. 
25 The apex angle 103d of the triangular prism 103 
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confronts the laser emitting surface 101a. That is, the 
triangular prism 103 is oriented such that an optical axis O 
extending from the laser emitting surface 101a bisects the 
apex angle 103d. Accordingly, one half of the incident 
5 light strikes the side surface 103a, while the other half 
strikes the side surface 103b. 

The angle of light incident on the side surface 103b 
is 45 d _ A portion of this light proceeds directly into the 
prism at an angle 0 1- If the refractive index of the prism 

xo material is nP=1.5 (in the case of BK7) and the refractive 
index of air is 1, then the following equation (3) can be 
derived from Snell's law. 

IX s i n45° =1.5Xs infll (3) 
From equation (3) , we find that ©1=28°. Consequently, 9 

15 2=17°. With this data, we can derive the following equation. 

1.5X s i nl7 # =1X s i n 03 (4) 
From equation (4), we find that 6 3=26*. 

Accordingly, a portion of the light entering the side 
surface 103b at an incidence angle of 45° is emitted from 
20 the side surface 103c as the transmitted light Tl at an 
outgoing angle of 26° above the horizontal. 

The remainder of light striking the side surface 103b 
at an incidence angle of 45* is reflected at an angle of 
reflection of 45°, equivalent to the angle of incidence, 
25 forming the reflected light R2 . Hence, the reflected light 
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R2 travels vertically downward, shifted 90 6 downward from 
the optical axis O of the incident light. 

Since the incident light has a degree of thickness, 
one-half of the incident light is incident on the side 
5 surface 103b. A portion of the one-half of the incident 
light is emitted at an outgoing angle of 26° (transmitted 
light Tl) and the remainder is reflected vertically downward 
(reflected light R2) . The remaining one-half of the 
incident light is incident on the side surface 103a. A 

10 portion of the remaining one-half of the incident light is 
emitted at an outgoing angle of 26" below the horizontal 
(transmitted light T2) and the remainder is reflected 
vertically upward (reflected light Rl) . Hence, light 
incident on the apex angle 103d of the right isosceles 

is triangle is divided into four beams of light emitted 
vertically upward, vertically downward, 26* above the 
horizontal, and 26° below the horizontal, respectively. 

Since collimated light is incident on the apex angle 
103d side of the triangular prism 103 in the line-beam- 

20 generating optical system 100 described above, four light 
beams can be generated from one beam of incident light. 
That is, the line-beam-generating optical system 100 
generates two light beams substantially perpendicular to the 
direction of incident collimated light and two light beams 

25 substantially equivalent to the direction of incident 
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collimated light. Hence, by mounting the line-beam- 
generating optical system 100 in a laser marking apparatus, 
it is possible to obtain two vertical beams , one horizontal 
line beam, and one vertical line beam from a single incident 
5 beam. The vertical beams are suitable for ground marks, 
while the line beams are suitable for drawing vertical lines 
or horizontal lines. 

As the laser light source 101 of the present 
embodiment, it is desirable to use a laser, such as a green 

10 laser, which generates a laser beam having high circularity, 
that is, shaped very close to a perfect circle. 

Fig. 16 is an explanatory diagram (side view) showing 
a line-beam-generating optical system 120 that is a 
modification of the line-beam-generating optical system 100. 

15 In this modification the laser light source 101 is a red 
semiconductor laser. Generally, the beam shape from red 
semiconductor lasers is elliptical with low circularity. 
Hence, when separating a red laser beam emitted from the red 
semiconductor laser into four beams with the triangular 

20 prism 103 and converting those beams directly into line 
beams, the vertical lines and horizontal lines are generated 
with different widths. Therefore, a dove prism 107 is 
disposed along the light path of the transmitted light Tl or 
transmitted light T2 in the present modification in order to 

25 generate approximately equivalent line widths for the 
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vertical and horizontal lines. 

As in the line-beam-generating optical system 100 in 
Fig. 14, the collimating lens 102 in the line-beam- 
generating optical system 120 converts light emitted from 
5 the laser light source 101 into collimated light. Since the 
normal beam emitted from a red semiconductor laser has an 
elliptical cross-section, the cross-section of the 
collimated beam produced by the collimating lens 102 is also 
elliptical. Therefore, all four beams produced by the 

10 triangular prism 103 have elliptical cross-sections. 

Now let us consider when an elliptical beam having a 
major axis A and a minor axis B is incident on a rod lens N 
(105, 106). As shown in Fig. 17 (a) , when the elliptical 
beam strikes the rod lens N with its major axis A oriented 

15 orthogonal to the axial direction of the rod lens N, then 
the acquired line beam width is the minor axis B. However, 
as shown in Fig. 17(b), when the elliptical beam strikes the 
rod lens N with its major axis A parallel to the axial 
direction of the rod lens N f the acquired line beam width is 

20 the major axis A. Therefore, in order to generate vertical 
and horizontal lines of the width B from both the rod lens 
105 and the rod lens 106, the major axis A of the 
transmitted light Tl must be orthogonal to the axial 
direction of the rod lens 105, as shown in Fig. 17(a), and 

25 the major axis A of the transmitted light T2 must be 
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orthogonal to the axial direction of the rod lens 106, as 
shown in Fig. 17(a) . 

However, with the arrangement in the line-beam- 
generating optical system 120, the axes of the rod lens 105 
5 and rod lens 10 6 are orthogonal to one another. In the 
present modification, therefore, the dove prism 107, serving 
as an image rotating device, is provided on the light path 
of the transmitted light Tl or transmitted light T2 to 
convert the orientation of the cross-sectional beam shape. 

10 In this modification, the laser light source 101 

generates a beam with the major axis A oriented vertically. 
In this case, the relationship between the transmitted light 
Tl and the rod lens 105 is shown in Fig, 17(a), where the 
major axis A of the transmitted light Tl is orthogonal to 

15 the axial direction of the rod lens 105. On the other hand, 
the relationship between the transmitted light T2 and the 
rod lens 106 is shown in Fig. 17(b), where the major axis A 
of the transmitted light T2 is parallel to the axial 
direction of the rod lens 106. Therefore, the dove prism 

20 107 is provided on the path of the transmitted light T2 , and 
specifically at a position between the mirror 104 and rod 
lens 106. 

As shown in Fig. 17(c), the dove prism 107 includes 
two side surfaces 107a, a bottom surface 107c, and a top 
25 surface 107b that are parallel to a lengthwise axis L; and 
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an incident surface 107d and outgoing surface 107e that are 
slanted in relation to the lengthwise axis L. The side 
surfaces 107a are trapezoids. The dove prism 107 is 
oriented such that the lengthwise axis L matches the optical 

5 axis 0 of the transmitted light T2 . The dove prism 107 is 
in its reference position when the bottom surface 107c is 
positioned horizontally. The dove prism 107 is in an angle 
0 position when rotated to exactly an angle 0 from the 
reference position about the lengthwise axis L, When the 

10 dove prism 107 is in the angle d position, the cross- 
sectional shape of the transmitted light T2 beam is rotated 
exactly 2 0. In the present modification, the dove prism 
107 is oriented in an angle 45 s position, such that the 
cross-sectional shape of the transmitted light T2 beam is 

IS rotated 90 B . Hence, the transmitted light T2 emitted from 
the dove prism 107 can strike the rod lens 10 6 in the 
orientation shown in Fig. 17(a). 

With this construction, both the transmitted light Tl 
and T2 are incident on the rod lens 105 and the rod lens 106 

20 such that the major axis A of the beam cross-sections are 
orthogonal to the axial directions of the rod lenses, as 
shown in Fig. 17(a). Accordingly, both the acquired 
vertical line beam and horizontal line beam have the same 
line width B (minor axis of the ellipse) . 

25 in this modification described above, the laser light 
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source 101 generates a beam with the major axis A aligned 
vertically. However, the laser light source 101 may also 
generate a beam having the major axis A aligned horizontally 
In this case, the relationship between the transmitted light 
5 T2 and the rod lens 106 is shown in Fig, 17(a), where the 
major axis A of the transmitted light T2 is orthogonal to 
the axial direction of the rod lens 106. However, the 
relationship between the transmitted light Tl and the rod 
lens 105 is shown in Fig. 17(b), where the major axis A of 

10 the transmitted light Tl is parallel to the axial direction 
of the rod lens 105. Hence, by providing the dove prism 107 
along the path of the transmitted light Tl, that is, between 
the triangular prism 103 and rod lens 105, the transmitted 
light Tl can be made to strike the rod lens 105 at the 

15 orientation shown in Fig. 17(a). 

The laser light source 101 may also generate a beam 
having its major axis A oriented in an arbitrary direction. 
In this case, two dove prisms 107 can be provided one on 
each optical path of the transmitted light Tl and T2 to 

20 rotate the beam cross-section of the transmitted light Tl 
and T2 only the angle required to be appropriately incident 
on the corresponding rod lens 105 and rod lens 106. 

Fig. 18 is an explanatory diagram (side view) showing 
a line-beam-generating optical system 140, which is a 

>S modification of the line-beam-generating optical system 120. 
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Unlike the line-beam-generating optical system 120, the 
line-beam-generating optical system 140 is not provided with 
the dove prism 107, but instead includes an anamorphic lens 
108 disposed downstream from the collimating lens 102. 
5 The anamorphic lens 108 converts an aspect ratio of 

the cross section of the elliptical collimator light, 
changing the cross-sectional beam shape to a circular shape. 
The aspect ratio represents the circularity of the ellipse. 
The anamorphic lens 108 converts elliptical collimator light 

10 to circular collimator light in which both the major and 
minor axes of the cross-sectional beam shape are equivalent 
to the minor axis B (Figs. 17(a) and 17(b)), that is, in 
which the beam shape is circular- When this circular beam 
is divided by the triangular prism 103, the transmitted 

15 light Tl and transmitted light T2 formed by this division 
are also circular beams having a major and minor axes 
equivalent to the minor axis B. Hence, a vertical line of 
width B and a horizontal line of width B can be obtained by 
the rod lens 105 and rod lens 106. 

20 Although the anamorphic lens 108 is used in this 

modification, any optical member capable of converting 
elliptical collimator light to circular collimator light can 
be used in place of the anamorphic lens 108. 

Fig. 19 is an explanatory diagram showing the general 

25 structure of a laser marking apparatus 111 equipped with the 
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line-beam-generating optical system 100 described above. 
Specifically, the laser marking apparatus 111 includes an 
optical unit 109 for generating line beams, a support 
mechanism 110 for keeping the optical system level, and a 
5 case 112 covering the optical unit 109 and support mechanism 
110. The support mechanism 110 is identical in structure to 
the support mechanism 5 described in the first embodiment 
and, therefore, a description of the support mechanism 110 
is omitted - 

10 The laser marking apparatus 111 of the present 

embodiment employs a green laser as the laser light source 
101. Since the green laser has high beam circularity, a 
circular beam in cross section can be formed without using 
the dove prism 107 or the anamorphic lens 108. For this 

15 reason, the optical unit 109 is equipped with the line-beam- 
generating optical system 100 (Fig. 14) in the present 
embodiment, but the line-beam-generating optical system 120 
(Fig. 16) or the line-beam-generating optical system 140 
(Fig. 18) may also be used when employing a different type 

20 of laser. 

Fig. 2 0 is an explanatory diagram (side view) showing 
the structure of the optical unit 109. Light emitted from 
the laser light source 101 passes through the collimating 
lens 102 , becoming collimated light that has a predetermined 

25 size and travels horizontally. Next, the collimated light 
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strikes the triangular prism 103 from the apex angle 103d 
side. Reflected light Rl and reflected light R2 formed by 
light reflected off the side surfaces 103a and 103b travel 
upward and downward in the vertical directions and become 
5 dot lights. The transmitted light Tl and transmitted light 
T2 that pass through the side surfaces 103a and 103b are 
bent at a predetermined angle by the effects of refraction 
when passing through the triangular prism 103 and are 
emitted from the side surface 103c. Since the transmitted 

10 light T2 is used for irradiating a horizontal line, the 
mirror 104 is used to direct the light in a horizontal 
direction. Next, the transmitted light Tl and transmitted 
light T2 are converted to line beams by the rod lens 105 and 
rod lens 106, respectively. That is, the transmitted light 

15 Tl is converted to a vertical line beam and the transmitted 
light T2 to a horizontal line beam. 

With the laser marking apparatus 111 having the 
construction described above, two line beams and two dot 
lights can be obtained from a single light source. 

20 By using the line-beam-generating optical system 100, 

line-beam-generating optical system 120, or line-beam- 
generating optical system 140 according to the embodiment 
described above, four laser beams can be separated from a 
single laser beam according to a simple method. Further, 

25 since four laser beams can easily be obtained from a single 
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laser light source 101 by equipping the laser marking 
apparatus 111 with the line^beam-generating optical system 
100, line-beam-generating optical system 120 , or line-beam- 
generating optical system 140, line beams for laser marking 
5 can be generated at a low cost. As a result, it is possible 
to provide a two-line-beam, two-dot-beam laser marking 
apparatus at a low cost. 
<Third embodiment> 

Next, a beam splitter and a laser marking apparatus 

10 equipped with the beam splitter according to a third 
embodiment of the present invention will be described with 
reference to Figs. 21 through 33. 

Fig. 21 shows a beam splitter 201 according to the 
third embodiment. The beam splitter 201 is formed of glass 

is or plastic that is transparent to light. In the present 
embodiment, the beam splitter 201 is formed using BK7 , which 
is a glass material having an index of refraction of 1.5. 
The beam splitter 201 is a rectangular parallelepiped and 
has flat optical surfaces 202 and 204 that are opposing side 

20 surfaces and are parallel to each other. In this example, 
the beam splitter 201 has a length of 20 mm, a height of 10 
mm, and a depth (distance between the optical surfaces 202 
and 204) of 10 mm. 

A first light separating film 203 is formed on a 

25 portion of the optical surface 202 for separating incident 
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light into transmitted light and reflected light. A second 
light separating film 205 is formed on a portion of the 
optical surface 204. Both the first light separating film 
203 and second light separating film 205 are single-layer or 
5 multiple-layer films including metal film or dielectric film, 
as with the light-separating film 2 described in the first 
embodiment. In this example, the first light separating 
film 203 has a reflectance of 33% and a transmittance of 67%. 
The second light separating film 2 05 has a reflectance of 

10 50% and a transmittance of 50%. 

As with the light-separating film 2 described in the 
first embodiment, the first light separating film 203 and 
second light separating film 205 can be formed by deposition 
and should be formed at a thickness for obtaining the 

15 desired reflectance and transmittance. 

Fig. 22 is a plan view showing the beam splitter 201. 
An incident beam B21 strikes the first light separating film 
203 at a slant, and specifically at an incidence angle of 
45*. A portion (in this example 33%) of the incident beam 

20 B21 is reflected, forming a reflected light R21. The 
remainder of the incident beam B21 (in this example 67%) 
becomes a transmitted light T21 and passes through the beam 
splitter 201. When the transmitted light T21 reaches the 
second light separating film 205, a portion of the 

25 transmitted light T21 (in this example 50%) is reflected, 
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forming a reflected light R22. The reflected light R22 
passes through the beam splitter 201 and is emitted from the 
optical surface 202 as a reflected light R23. The remainder 
of the transmitted light T21 (in this example 50%) passes 
5 through the second light separating film 205 becoming a 
transmitted light T22. Accordingly, three beams of 
separated light R21, R23, and T22 are acquired from the beam 
splitter 201. The separated light R21, R23, and T22 each 
have substantially the same intensity (33% = 67% x 50%) . 

10 Here, the reflectance and transmittance values for the 

first light separating film 2 03 and second light separating 
film 2 05 are not limited to the example described above. 
The intensities of the separated light R21, R23, and T22 are 
determined based on these reflectance and transmittance 

15 values . 

Next, the principles for dividing the incident beam 
B21 into three light beams R21, R2 3, and T22 will be 
described in detail with reference to Fig. 23. 

As shown in Fig. 23 , the collimated incident beam B21 

20 is incident at an angle of 45° to the normal of the optical 
surface 202 (point of incidence O) . A portion of the 
incident beam B21 is reflected at an angle of 45' to the 
normal of the first light separating film 203 as the 
reflected light R21. The remaining light of the transmitted 

25 light T21 passes through the beam splitter 201 at an angle 
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0 to the normal . 

When the refractive index of air is i and the 
refractive index of the beam splitter 201 is n in this 
example, we have the following equation based on Snell's law. 
5 lsin45 fl =nsin0 (5) 

The second light separating film 205 reflects a portion of 
the transmitted light T21 at an angle 6 in relation to the 
normal, the reflected light becoming the reflected light R22. 
After passing through the beam splitter 201 r the reflected 

10 light R22 is emitted from the optical surface 202 as the 
reflected light R23, 

According to Snell's law, the reflected light R23 
forms an angle of 45 s to the normal of the optical surface 
202, which is the output surface. The remaining light of 

15 the transmitted light T21 passes through the second light 
separating film 205 , becoming the transmitted light T22 . 
Since the transmitted light T22 forms an angle of 45° to the 
normal of the second light separating film 205 according to 
Snell's law, the transmitted light T22 is parallel to the 

20 incident beam B21. 

By setting the incidence point O of the incident beam 
B21 on the first light separating film 203 as the origin, 
the normal through the incidence point O as the y-axis, and 
the axis orthogonal to the y-axis as the x-axis, then the 

25 equation for the line of the transmitted light T21 is as 



37 



2 0 0 3$ 8A22B 19<l«ft Ki tazawa 4 Koizumi NO. 4814 P. 44/99 



follows . 

y =cot B ■ x (6) 
If the distance in the y-axis direction between the first 
light separating film 203 and the second light separating 
5 film 205 is d, then the equation for a straight line through 
the second light separating film 205 is as follows. 

y=-d (7) 
Accordingly, the coordinates for an intersecting point A 
between the transmitted light T21 and the second light 
10 separating film 205 is A(-dtan0, -d) from equations (6) and 
(7) . 

The length b of the line segment OA is: 
b= ( (-dtanS) 2 + (-d) 2 ) 1/2 
= d (l+tan 2 d) 1/2 (8) 
15 Accordingly, an offset amount 6 between the incident beam 
B21 and the transmitted light T22 is represented as follows. 
5 = bsin (45° -6) 

= d (l+tan 2 0) 1/2 -sin (45° - 6) (9) 
By calling the output point of the reflected light R23 
20 at the optical surface 202 C and the length of the segment 
OC L, we have the following equation. 
L = b sin 6 ' 2 

= 2d (l+tan 2 0) 1/2 • sin 0 
= 2dtan9 (l 0) 

25 Accordingly, the interval w between the reflected light R21 
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and reflected light R23 is: 



w=Lcos45° =2d (l+tan 2 0) 1/2 • 



sin 0 cos45° 



— 2d tan 0 • cos45° 



(1 1) 



For example, if the refractive index for the material 
5 of the beam splitter 201 is 1.5, then according to equation 
(5) lsin45°«1.5sin 6 and, thus, 0 =28°. Further, if the 
distance between the optical surface 202 and optical surface 
204 is 10 mm, then we can find the offset amount & between 
incident beam B21 and the transmitted light T22 by 
10 substituting 0=28° in equation (9). 

8=10 (l+tan 2 28* ) 1/2 • sin (45° -28° ) =3.3tnra 
Here, the distance in the x-axis direction between the 
incidence point 0 on the first light separating film 203 and 
the intersecting point A on the second light separating film 
15 205 is L/2, and L/2=dtan 0 according to equation (10) . 
Therefore, we know that the distance in the x-axis direction 
between the incidence point of light on the first light 
separating film 203 and the incidence point of light on the 
second light separating film 205 is approximately dtan 0 . 
20 Accordingly, in order to ensure that the transmitted light 
T21 will always reach the second light separating film 205 
when the incident beam B21 is incident on the first light 
separating film 203, it is necessary to offset the first 
light separating film 203 and second light separating film 
15 205 on the optical surface 202 and optical surface 204 by a 
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distance dtan 0 in the x-axis direction. Specifically, the 
first light separating film 203 and the second light 
separating film 2 05 in Fig. 22 should be formed such that 
the approximate center of the first light separating film 
5 203 in the left and right direction is offset from the 
approximate center of the second light separating film 205 
in the left and right direction by a distance dtan 0 in the 
left and right direction. 

Similarly, the interval w between the reflected light 
10 R21 and reflected light R23 is as follows. 

w = 2'10 (l+tan*28° ) 1/2 • sin28° cos45° =7. 5mm 
Therefore the beam splitter 2 01 can easily form the 
transmitted light T22 traveling along an optical path 
parallel to the incident beam B21 and the reflected light 
15 R21 and reflected light R23 traveling along optical paths 
orthogonal to the incident beam B21. 

Next, a beam splitter 301 according to a first 
modification of the present embodiment will be described 
with reference to Figs. 24 and 25. The beam splitter 301 is 
20 able to produce an outgoing transmitted light T24 having an 
offset amount 6 with the incident beam B21 of zero (0) . 

As shown in Fig. 24 , the beam splitter 301 is 
configured by assembling two rectangular parallelepipeds 
into an L-shape . Hence, like the beam splitter 201 in Fig, 
25 21, the beam splitter 301 has the optical surface 202 and 
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optical surface 204 as opposing side surfaces. However, the 
beam splitter 301 also has optical surfaces 206 and 207 as 
two separate opposing side surfaces. The optical surfaces 
206 and 207 are parallel to each other and orthogonal to the 
5 optical surface 202 and optical surface 204. The distance 
between the optical surfaces 202 and 204 is equal to the 
distance between the optical surfaces 206 and 207. The 
dimensions of the beam splitter 301 in this example are 30 
mm (length of the optical surfaces 202 and 204) x 25 mm 

io (length of the optical surfaces 206 and 207 + distance 
between the optical surfaces 202 and 204) . The height of 
the beam splitter 301 is 10 mm. The distance between the 
optical surface 202 and the optical surface 204 is 10 mm. 
The distance between the optical surface 20 6 and optical 

15 surface 207 is 10 mm. 

The beam splitter 301 is formed of glass or plastic 
that is transparent to light. In this example, the beam 
splitter 301 is formed of BK7 , a glass material having a 
refractive index of 1.5. 

20 As with the beam splitter 201 in Fig. 21, the first 

light separating film 203 is formed on a portion of the 
optical surface 202, and the second light separating film 
205 is formed on a portion of the optical surface 204- The 
positional relationship and reflectance and transmittance of 

2S the first light separating film 203 and second light 
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separating film 205 in the present modification are 
identical to those of the first light separating film 203 
and second light separating film 205 formed on the beam 
splitter 201. 

5 As shown in Fig. 25, the incident beam B21 strikes the 

beam splitter 301 at a slant. The generated reflected light 
R21, R22, and R23, and transmitted light T21 and T22 are 
identical to those generated in the beam splitter 201 
described with reference to Fig. 22, The transmitted light 

10 T22 strikes the optical surface 206 and again passes through 
the beam splitter 301 as a transmitted light T23 and is 
emitted from the optical surface 207 as the transmitted 
light T2 4. The offset amount S ' between the incident beam 
B21 and the transmitted light T2 4 is zero (0) . 

15 Next, the reason that the 8 ' is zero will be 

described with reference to Fig. 26. Here, the distance in 
the x^axis direction between the incident point 0 (origin) 
on the first light separating film 203 and the optical 
surface 206 will be called c, 

2 0 The transmitted light T22 forms an angle of 45° to the 

normal of the second light separating film 205 and passes 
through the point A(-dtan0 , -d) . Therefore, we have the 
following equation for the straight line of the transmitted 
light T22, 

25 y = x+d (tan 9-1) (12) 
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The equation for the straight line including the 
optical surface 206 is: 

x=-c (1 3) 

Since the distance between the optical surface 206 and 
5 optical surface 207 is d, an equation for a straight line 
including the optical surface 207 is as follows, 

x = - (c + d) (1 4) 

Hence, the coordinates for an intersecting point E of the 
transmitted light T22 and optical surface 206 is 
10 E(-c, d(tan0-l)-c) according to equations (12) and (13). 
Further, since the transmitted light T23 forms an angle 6 
with the normal of the optical surface 206, the slope of an 
equation for a straight line including the transmitted light 
T23 is tan 0 . Similarly, since this straight line passes 
15 through the point E(-c, d(tanfl-l)»c) , the equation for the 
straight line is: 

y~tan0 • x + (c + d) (tan0-l) (15) 
The coordinates for an intersecting point F of a straight 
line including the transmitted light T23 and the optical 
20 surface 207 is F (- (c+d) , -(c+d)) according to equations (14) 
and (15) . 

Here an equation for the line including the incident 
beam B21 is: 

y = x (16) 

25 The coordinates of an intersecting point F' between the 
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incident beam B21 and the optical surface 207 is 
F'(-(c+d), -(c+d)) according to equations (14) and (16). 
Hence, F and F' are equivalent. Further, since the point F 
is the outgoing point of the transmitted light T24, we know 
5 that the incident beam B21 and the transmitted light T2 4 are 
on the same line. 

As described above, when the space between the optical 
surfaces 206 and 207 is made equivalent to the apace between 
the optical surfaces 202 and 204, it is necessary not only 

10 to position the optical surfaces 206 and 207 orthogonal to 
the optical surfaces 202 and 204, but also to set the 
distance in the x-axis direction from the incidence point 0 
(y-axis) to the optical surface 206 greater than the 
distance in the x-axis direction from the incidence point O 

15 (y-axis) to the outgoing point (A) . This is because the 
transmitted light T22 must be emitted from the beam splitter 
301 once off the optical surface 204 and then be incident 
into the beam splitter 301 again on the optical surface 206. 
Hence, the relationship shown by the following 

20 inequality (17) is necessary. 

d tan 6 < c (17) 

In other words, the distance between the incidence 
point on the first light separating film 203 and the optical 
surface 206 in the direction parallel to the optical 
25 surfaces 202 and 204 (x-axis direction) must be greater than 
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dtan 6 . Accordingly, the beam splitter 301 can be formed by 
setting the distance between the optical surface 206 and the 
first light separating film 203 in the x-axis direction 
greater than dtan 9 , For example, the distance between the 
5 optical surface 206 and the approximate center of the first 
light separating film 203 in the left and right direction in 
Fig. 2 5 is set greater than dtan 0 . More preferably, the 
distance between the optical surface 206 and the left edge 
of the first light separating film 2 03 (the edge on the 
io optical surface 206 side) is set greater than dtan 8 » 

By forming the outgoing light beam on the same line as 
the incident beam as described above, the laser marking 
apparatus is convenient for drawing vertical and horizontal 
lines . 

15 Next, a beam splitter 401 according to a second 

modification of the third embodiment will be described with 
reference to Figs. 27 and 28. A feature of the beam 
splitter 401 is that a portion of the reflected light R21 
returns along the same optical path as the reflected light 

20 R21 to be incident on the beam splitter 401 again. 

As shown in Fig. 27, the beam splitter 401 is 
configured of two rectangular parallelepipeds assembled in 
an L shape. Hence, like the beam splitter 201 in Fig. 21 , 
the beam splitter 401 has the optical surface 202 and 

25 optical surface 204 as opposing side surfaces. However, the 
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beam splitter 401 also has optical surfaces 208 and 209 as 
two separate opposing side surfaces. The optical surfaces 
208 and 209 are parallel to each other and orthogonal to the 
optical surfaces 202 and 204. The distance between the 
5 optical surfaces 202 and 204 is equal to the distance 
between the optical surfaces 208 and 209. The dimensions of 
the beam splitter 401 in this example are 30 mm (length of 
the optical surfaces 202 and 204) x 25 mm (length of the 
optical surfaces 20 8 and 209 4- distance between the optical 
10 surfaces 202 and 204) , The height of the beam splitter 401 
is 10 mm. The distance between the optical surfaces 202 and 

204 is 10 mm. The distance between the optical surfaces 208 
and 209 is 10 ram. 

The beam splitter 401 is formed of glass or plastic 
15 that is transparent to light. In this example, the beam 
splitter 401 is formed of BK7 , a glass material having a 
refractive index of 1.5. 

As with the beam splitter 201 in Fig. 21 , the first 
light separating film 203 is formed on a portion of the 
20 optical surface 202, and the second light separating film 

205 is formed on a portion of the optical surface 204, The 
positional relationship and reflectance and transmittance of 
the first light separating film 203 and second light 
separating film 205 in the present modification are 

25 identical to those of the first light separating film 203 
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and second light separating film 2 05 formed on the beam 
splitter 201. 

As shown in Fig. 28, the incident beam B21 strikes the 
beam splitter 401 at a slant. The generated reflected light 
5 R21, R22, and R23, and transmitted light T21 and T22 are 
identical to those generated in the beam splitter 201 
described with reference to Fig. 22. The reflected light 
R21 perpendicularly strikes a rod lens (not shown) , which is 
positioned along the line of the reflected light R21. 

10 Several percent of the light incident on this rod lens is 
reflected back along the same optical path of the reflected 
light R21 as a reflected light R24. The reflected light R24 
strikes the first light separating film 203 and passes 
through the beam splitter 401 as a transmitted light T25. 

is The transmitted light T25 forms an angle d =28° to the 
normal. The light is emitted from the optical surface 204 
as a transmitted light T26 at an angle of 45° to the normal. 
The transmitted light T2 6 is subsequently incident on the 
optical surface 208 , passes again through the beam splitter 

20 401 as a transmitted light T27, and is emitted from the 
optical surface 209 at an angle of 45° to the normal as a 
transmitted light T2 8. 

As with the beam splitter 301 described with reference 
to Fig. 26, the distance between the optical surfaces 208 

25 and 209 is identical to that between the optical surfaces 
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202 and 204, and the optical surfaces 208 and 209 are 
orthogonal to the optical surfaces 202 and 204. Further, 
the transmitted light T28 is positioned along the same line 
as the reflected light R24, provided that the distance 
5 between the optical surface 2 08 and the first light 
separating film 203 along an axis parallel to the optical 
surfaces 202 and 204 is greater than dtan 0 , because the 
transmitted light T2 8 results from light emitted from the 
optical surface 2 04 and subsequently incident on the optical 

10 surface 208. 

In this modification, the beam splitter 401 can form 
two beams of light R21 and T2 8 that travel along optical 
paths orthogonal to the incident beam B21. Hence, the beam 
splitter 401 is convenient for drawing vertical and 

15 horizontal lines when used in a laser marking apparatus, for 
example. 

Next, a beam splitter 501 according to a third 
modification of the third embodiment will be described with 
reference to Figs. 29 and 30. The beam splitter 501 is 

20 constructed by combining the beam splitter 301 of Fig. 24 
and the beam splitter 401 of Fig. 27. Hence, the beam 
splitter 501 can produce the transmitted light T24 along the 
same line as the incident beam B21 and the transmitted light 
T28 along the same line as the reflected light R24. 

25 As shown in Fig. 29, the beam splitter 501 is 
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configured of three rectangular parallelepipeds assembled in 
a squared U-shape. Hence, the beam splitter 501 has the 
optical surfaces 202 and 204, the optical surfaces 206 and 
207, similar to the beam splitter 301, and also the optical 
5 surfaces 208 and 209, similar to the beam splitter 401. The 
beam splitter 501 is also formed of glass or plastic that is 
transparent to light. In the present modification, the beam 
splitter 501 is formed of BK7 , which is a glass material 
having a refractive index of 1.5. 

10 As with the beam splitter 301 and beam splitter 401 , 

the first light separating film 203 is formed on a portion 
of the optical surface 202, and the second light separating 
film 205 is formed on a portion of the optical surface 204. 
The positional relationships of the optical surfaces 202 , 

15 204, 206, 207, 208, and 209, and the first light separating 
film 203 and second light separating film 205, as well as 
the reflectance and transmittance of the first light 
separating film 203 and second light separating film 205 are 
identical to those described for the beam splitter 301 and 

20 beam splitter 401. The distances between the optical 
surfaces 202 and 204, the optical surfaces 206 and 207, and 
the optical surfaces 208 and 209 are all identical (10 mm 
for example) . 

As shown in Fig. 30, after passing through the second 
25 light separating film 205, the transmitted light T22 strikes 
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the optical surface 206, passes again through the beam 
splitter 501 as the transmitted light T23, and is emitted 
from the optical surface 207 as the transmitted light T24. 
Further, the reflected light R24, which is the reflected 
5 light of the reflected light R21, strikes the first light 
separating film 203, passes again through the beam splitter 
501 at an angle to the normal of 6 =2 8° as the transmitted 
light T25, and is emitted at an angle of 45° from the 
optical surface 204 as the transmitted light T26. The 

10 transmitted light T26 strikes the optical surface 208, 
passes again through the beam splitter 501 as the 
transmitted light T27, and is emitted at an angle of 45° 
from the optical surface 209 as the transmitted light T28. 
As a result, the transmitted light T24 travels along the 

15 same line as the incident beam B21, and the reflected light 
R24 is positioned along the same line as the transmitted 
light T2 8. 

Next, a description of mounting the beam splitter 2 01 
(Fig. 21) according to the present embodiment in a laser 
20 marking apparatus will be described with reference to Pigs. 
31 and 32. 

As shown in Fig. 31, a laser marking apparatus 210 
basically includes a line-beam-generating optical system 214 
for generating line beams, a support mechanism 215 for 
25 keeping the line-beam-generating optical system 214 level, 



50 



2003$ 8A22B 194240 Kitazawa & Koizumi 

1 i 



NO. 4814 P. 57/99 



and a case 226 for covering the line-beam-generating optical 
system 214 and support mechanism 215. Since the support 
mechanism 215 has an identical structure to the support 
mechanism 5 described in the first embodiment, a description 
5 of the support mechanism 215 has been omitted. 

Fig- 32 is a side view showing the general structure 
of the line-beam-generating optical system 214. The line- 
beam-generating optical system 214 includes a semiconductor 
laser 216, a collimating lens 217, the beam splitter 201, 

10 and three rod lenses 221, 222, and 223. 

The semiconductor laser 216 is disposed such that its 
optical axis is oriented horizontally. The collimating lens 
217 converts a laser beam emitted from the semiconductor 
laser 216 into the incident beam B21 that is a collimated 

15 light (parallel rays) , which has a circular beam cross 
section. in this example, the diameter of the incident beam 
B21 is set to 2 mm. The beam splitter 201 is oriented such 
that the normal to the optical surface 2 02 forms an angle of 
45° with the optical axis of the semiconductor laser 216. 

20 The distance between the optical surface 202 and optical 
surface 204 is 10 mm, and the beam splitter 201 has a length 
of 20 mm and a height of 10 mm. 

Of incident light on the first light separating film 
203, 33% is reflected and 67% is transmitted. Accordingly, 

25 33% of the incident beam B21 is reflected off the first 
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light separating film 203 as the reflected light R21. The 
remaining 67% of this light passes through the beam splitter 
201 as the transmitted light T21. Of the incident light on 
the second light separating film 205, 50% is reflected and 
5 50% transmitted. Hence, 50% of the transmitted light T21 is 
reflected off the second light separating film 205 as the 
reflected light R22. After passing through the beam 
splitter 201 , the reflected light R22 is emitted from the 
optical surface 202 as the reflected light R23. The 

10 remaining 50% of the transmitted light T21 passes through 
the second light separating film 205 as the transmitted 
light T22. Both the reflected light R21 and the reflected 
light R23 are emitted at an angle of 4 5° to the normal of 
the optical surface 202. Accordingly, the reflected light 

15 R21 and reflected light R23 are emitted in a vertical 
direction. 

The distance w between the reflected light R21 and 
reflected light R23 can be found from equation (11) . 
w = 2 ■ 10 (l+tan 2 28° ) 1/2 • sin28° cos45 D =7. 5mm 
20 The offset amount 5 between the incident beam B2l and 

transmitted light T22 is found by substituting 6 =2 8° into 
equation (9) . 

5—10 (l+tan 2 28 Q ) 1/2 ■ sin (45° -28° ) =3 .3mm 
The rod lenses 221 and 222 are disposed along the 
25 optical paths of the vertically traveling reflected light 
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R21 and R23 for converting the reflected light R21 and R23 
into line beams. The rod lens 221 disposed on the optical 
path of the reflected light R21 is oriented horizontally 
with the axial direction of the lens parallel to the optical 
5 axis of the semiconductor laser 216. The rod lens 222 is 
disposed along the optical path of the reflected light R23 
and is oriented horizontally in its axial direction but in a 
direction orthogonal to the rod lens 221. Accordingly, the 
two line beams emitted from the rod lens 221 and rod lens 

10 222 are vertical lines that cross each other. 

Further, the rod lens 223 is disposed along the 
optical path of the transmitted light T22 . The axis of the 
rod lens 223 is vertically oriented. Hence, the rod lens 
223 produces a horizontal line beam. Since the offset 

15 amount 5 between the incident beam B21 and transmitted 
light T22 is 3.3 mm, the transmitted light T22 is emitted 
from a position 3.3 mm lower than the optical axis of the 
semiconductor laser 216. However, by mounting the beam 
splitter 301 (Fig. 25) according to the first modification 

20 in place of the beam splitter 201, the offset amount 5 
between the incident beam B21 and transmitted light T22 can 
be kept to zero. Therefore it is possible to match the 
height of the beam emitted from the semiconductor laser 216 
to the height of the horizontal line beam. 

25 Further, a portion of the light in the reflected light 
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R21 that is perpendicularly incident on the surface of the 
rod lens 221 becomes the reflected light R24, which returns 
along the same optical path as the reflected light R21. Fig. 
33 is a side view showing a line-beam-generating optical 
5 system 224 equipped with the beam splitter 401 (Fig. 28) 
according to the second modification in place of the beam 
splitter 201. In the line-beam-generating optical system 
224, the beam splitter 401 produces the reflected light R24 
and transmitted light T28 on the same line. In other words, 

10 the intersecting point between crossed beams produced by the 
rod lens 221 and rod lens 222 is positioned along the same 
axis as the transmitted light T2 8. Therefore, by providing 
the line-beam-generating optical system 224 in the laser 
marking apparatus 210 of Fig. 31 in place of the line-beam- 

15 generating optical system 214 (Fig. 32) , the transmitted 
light T28 is emitted vertically downward from the laser 
marking apparatus 210, enabling the production of point 
beams for ground marking. 

Similarly, by providing the beam splitter 501 (Fig. 

20 30) according to the third modification in the line-beam- 
generating optical system 214 of Fig. 32 in place of the 
beam splitter 201, the height of the beam emitted from the 
semiconductor laser 216 can be matched to the height of the 
emitted horizontal line beam and a laser marking apparatus 

25 capable of emitting point beams for ground marking can be 
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easily produced. Further, the direction of the reflected 
light R21 or reflected light R23 can be changed using a 
mirror or other optical device. 

The beam splitters 201 , 301, 401, or 501 according to 
5 the present embodiment described above can divide a single 
laser beam into a plurality of laser beams by a simple 
method. Further, a plurality of laser beams can be easily 
obtained from a single light source by mounting one of the 
beam splitters 201, 301, 401, or 501 in the optical system 
10 of the laser marking apparatus 210. Hence, a plurality of 
laser line beams for marking can be generated at a low cost. 
As a result, it is possible to provide a low cost laser 
marking apparatus capable of irradiating a plurality of line 
beams . 

15 While the invention has been described in detail with 

reference to specific embodiments for a beam splitter, 
multibeam generator, line-beam-generating optical system, 
and laser marking apparatus, it would be apparent to those 
skilled in the art that various modifications and variations 

20 may be made therein without departing from the spirit of the 
invention , 

For example, while a dielectric film is used as the 
light separating film in the first and third embodiments, 
metal films formed of Cr, Al, or the like can be used. 
25 As in the first embodiment, the light-separating film 
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2 can be formed on the side surface 103a and side surface 
103b of the triangular prism 103 in the second embodiment as 
well, thereby adjusting the ratios of the reflected light Rl 
and transmitted light T2 and the reflected light R2 and 

5 transmitted light Tl to appropriate values. 

The dimensions of the beam splitter are not limited to 
the values given in the above embodiments, but can be set to 
appropriate values according to the application. 

In Fig. 14, the mirror 104 is disposed only in the 

io optical path of the transmitted light T2 . However, similar 
type of mirrors may be provided in the optical paths of the 
transmitted light T2 , reflected lights Rl or R2 , or the like 
to change the corresponding optical paths. 

15 
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